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Abstract: Background: Safety in medical work requires eye protection, such as glasses, and pro- 
tective facial masks (PFM) during clinical practice to prevent viral respiratory infections. The use 
of facial masks and other full personal protective equipment increases air flow resistance, facial 
skin temperature and physical discomfort. The aim of the present study was to measure surgeons’ 
oxygenation status and discomfort before and after their daily routine activities of oral interventions. 
Methods: 10 male voluntary dentists, specializing in oral surgery, and 10 male voluntary doctors in 
dentistry, participating in master’s courses in oral surgery in the Department of Oral Surgery of the 
University of Chieti, with mean age 29 + 6 (27-35), were enrolled. This study was undertaken to 
investigate the effects of wearing a PFM on oxygenation status while the oral surgeons were actively 
working. Disposable sterile one-way surgical paper masks (Surgical Face Mask, Euronda, Italy) and 
FFP2 (Surgical Face Mask, Euronda, Italy) were used and the mask position covering the nose did 
not vary during the procedures. The FFP2 was covered by a surgical mask during surgical treatment. 
A pulse oximeter was used to measure the blood oximetry saturation during the study. Results: 
In all 20 surgeons wearing FFP2 covered by surgical masks, a reduction in arterial O2 saturation 
from around 97.5% before surgery to 94% after surgery was recorded with increase of heart rates. A 
shortness of breath and light-headedness/headaches were also noted. Conclusions: In conclusion, 
wearing an FFP2 covered by a surgical mask induces a reduction in circulating O2 concentrations 
without clinical relevance, while an increase of heart frequency and a sensation of shortness of breath, 
light-headedness/headaches were recorded. 


Keywords: SARS-CoV-2; COVID-19; N95; FFP2 respirators; surgical mask; protective face masks; 
personal protective equipment; severe acute respiratory syndrome-related coronavirus 


1. Introduction 


The global impact of the novel SARS-CoV-2 has had severe implications for dental 
healthcare providers. The safety of medical work requires an adequate use of facial protec- 
tive equipment against droplet transfer of SARS-CoV-2 [1]. Eye protection such as glasses 
and protective facial masks are widely used in clinical practice to prevent viral respiratory 
infections. Introduced in the medical field by Mikulicz in 1897 and worn by surgeons 
and staff during medical treatment, with a change partway through long procedures [2,3]. 
Today, during pandemic influenza SARS-CoV-2, there is greater attention to the use of 
surgical masks. COVID-19, caused by a newly discovered coronavirus [4,5], has produced 
a quantitatively increased scientific production on the topic of COVID-19 [6-8]. This illness 
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is a serious infection of respiratory system, especially in patients with underlying medical 
problems such as chronic respiratory disease, cardiovascular disease, cancer, diabetes and 
patient in hemodialysis. In these medical conditions, the patients develop severe acute 
pneumonia with a high percentage mortality rate [9]. In fact, around 20% of COVID-19 
patients develop a critical or serious form of disease (Adult Respiratory Distress Syndrome), 
with a high percentage of cases (19-32%) that require respiratory support treatment [10]. 
It is an droplet-transmissible infection which can spread when an infected person talks, 
sneezes, coughs, or disperses mouth and nasal fomite secretions into the air [11]. Greater 
droplets may speedily settle on the surface or transmit disease to individuals in close 
proximity, while lesser droplets may remain suspended in the air for a long time and can 
contribute to transmission of the disease over great distances [12,13] and for prolonged 
time [14]. To reduce SARS-CoV-2 infection, many countries have adopted the obligation 
for medical workers to wear masks with superior filtering power, and, in many countries, 
FFP2 are being used, possibly covered by a surgical mask during medical treatment. The 
increase of air flow resistance, facial skin temperature and physical discomfort during 
wearing the PFM can induce the doctor to move this, with increasing risk of contagion [15]. 
However, clinical evidence is inadequate regarding whether SMs are less effective than 
N95 respirators for preventing viral respiratory infections, including influenza, in doctors 
and other healthcare workers [16]. Oral surgeons operating face-to-face with the patients 
are at high risk of catching respiratory infections [6]. During oral surgery procedures there 
is aerosol production [17,18], for this reason full personal protective equipment against 
respiratory infections must be worn. Usually physical distancing is recommended, but in 
dental work, dental hygienists and dental assistants are potentially in contact face-to-face 
with the patient, and, therefore, the use of an PFM is very important. A solution of 1% 
hydrogen peroxide or 0.2% povidone-iodine, as an antiseptic mouth rinse is recommended 
and should be used at the beginning of every treatment in dentistry to reduce the mac- 
robiotic load and the viral one (SARS-CoV-2) in the saliva [19-21]. Moreover, essential 
procedures for the control and prevention of respiratory infections in dental clinic and 
healthcare environments are represented by surface cleaning and disinfection protocols [22]. 
Dental care cannot be stopped nor denied during the SARS-CoV-2 pandemic because ur- 
gent dental pathologies require immediate attention to help and reduce the burden on 
hospital emergency departments. Usually recommended are urgent dental treatments 
that are as minimally invasive as possible [19,23]. Dentists who wear personal protective 
equipment during oral surgery frequently experience fatigue, physical discomfort, and 
possibly even deterioration of surgical judgment and performance, despite the presence 
of standard air-conditioning in the operating rooms. This causes them to either wear the 
masks improperly or to remove them from the face. It has been suggested that the facial 
temperature augmentation discomfort is also caused by exhaled CO? levels under the 
PFM, with sweating and hot flashes [15]. It appears reasonable that the increased CO? 
levels under the PFM may also be trapped beneath them, causing a decrease in blood 
oxygenation. The aim of the present study was to measure the surgeons’ oxygenation 
status and discomfort before and after their daily routine activities of dental operations. 


2. Materials and Methods 


During the study period, May 2020 to October 2020, 10 male voluntary dentists, 
specializing in oral surgery, and 10 male voluntary doctors in dentistry, participating in a 
master program in oral surgery from our Department of Oral Surgery of the University of 
Chieti-Pescara, Italy with mean age 29 + 6 (27-35), were enrolled. The study was carried 
out in observance of the Helsinki Declaration (revised version of Tokyo in 2004) and Good 
Clinical Practice Guidelines. All the surgeons signed informed consent for the adopted 
noninvasive procedure. The inclusion criteria were experience in oral surgery and the use 
of PFM. The primary exclusion criteria were presence of inflammation on the facial skin, lax 
skin, showing facial aging, allergic rhinitis and nasal septum deviations, facial treatment, 
including antiaging facial skin resurfacing, facial soft tissue augmentation or dermal 
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filler, severe illness, facial skin disease, head and neck radiation therapy, chemotherapy, 
uncontrolled diabetes and beard. They had all previous experience in the use of a different 
type of PFM. In the previous hours, they had not experienced athletic training. The 
presence of respiratory diseases or smoking was exclusion criteria and none of the surgeons 
were overweight. After a thorough preliminary examination, the surgeons underwent 
pulse oximetry evaluation, being extensively informed concerning the study procedures. 
The surgeons entered a room with a constant temperature for 10 min to allow them to 
acclimatize. This research was undertaken to investigate the effects of wearing a PFM 
(FFP2) covered by surgical mask on oxygenation status while the oral surgeons were 
actively working. Disposable sterile one-way surgical paper masks (Surgical Face Mask, 
Euronda, Italy) and FFP2 (Surgical Face Mask, Euronda, Italy) were used and the mask 
position did not vary during the procedures (covering the nose). The FFP2 was covered by 
a surgical mask during surgical treatment. 
The operations were grouped according to the duration: 


I. Duration of the operations was up to 20 min, (n = 25); 

II. Duration of the operation was between 20—40 min (n = 20); 
II. Duration of the operations was between 40-120 min (n = 15); 
IV. Duration of the operations was between 120-240 min (n = 4). 


In total, 64 surgeries were performed. After each intervention, the surgeons were 
invited to register, what they perceived, sensation of shortness of breath, light-headedness 
and headaches using visual analogic score (VAS) scale. All sensations were scored by 
means of a 100 mm VAS from 0 (no discomfort) to 100 (worst discomfort imaginable). 
A pulse oximeter with a recyclable clip type finger probe (Cardiocap/5, Datex-Ohmeda, 
Helsinki, Finland) was used to measure the blood oximetry saturation during the study. 
The Surgeons were encouraged to behave in their usual manner throughout the oral 
surgery. The finger probe was applied to the second finger of the right hand. Just before 
the operation, pulse rate and oxygen saturation values were recorded. At the end of the 
oral surgery, the pulse oximeter was utilized again, and the values were recorded. During 
this study, no surgeon developed the COVID-19 disease. 


Statistical Analysis 


The research sample size was measured through a dedicated clinical software able to 
calculate the quantity of subjects needed to achieve statistical significance for quantitative 
analyses of hypoxemia and discomfort. The statistical model was performed for dichoto- 
mous variables (yes/no effect) according to the following parameters: incidence effect (85% 
for the Test group and 10% for the control group), alpha = 0.05 and power = 95%. The 
optimal research sample size was 20 surgeons. The study data were statistically evaluated 
by the software package Graphpad 8.0 (Prism, San Diego CA- USA). The normal distribu- 
tion of the study data was evaluated by the Kolmogorov—Smirnov test. The descriptive 
statistics of all study variables was provided by means and standard deviations (SD) of all 
the experiments. The comparison of the groups on the research variables were evaluated 
by the two-way ANOVA test followed by post hoc Tukey HSD test. The one-way ANOVA 
followed by Tukey post hoc test was performed to evaluate the significance of the compari- 
son between the study groups of shortness of breath and light-headedness/headache VAS 
score perception. The level of significance was set at p < 0.05. 


3. Results 


In all 20 surgeons wearing FFP2 covered surgical masks a reduction in arterial O2 
saturation was recorded from around 97.5% before surgery to 94% after surgery (Figure 1 
and Table 1). Additionally, an increase in heart rate was also noted. The surgeons had 
before surgery heart rates of 60 + 9 bpm beats/min, after surgery the dentists heart rates 
increased to 98 + 12 bpm beats/min (range = 74-98; equivalent to 5-20% HRR). (Figure 2 
and Table 1) 
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Figure 1. Graph chart of the surgeons O, saturation (%) of Group I (20 min), H (20-40 min), II 
(40-120 min) and IV (120-240 min) (ANOVA post hoc Tukey HSD). No differences were detected 
between the baseline for both of Group I, IL, HI and IV. A statistically significant difference was 
detected in all comparisons after the surgery procedure (p < 0.05). 
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Figure 2. Graph chart of the surgeons’ heart rate (bmp) of Group I (20 min), II (20-40 min), II 
(40-120 min) and IV (120-240 min) (ANOVA post hoc Tukey HSD). No differences were detected 
between the baseline for both of Group I, IL, HI and IV. A statistically significant difference was 
detected by group comparison after the surgery procedure (p < 0.05). 


Table 1. Summary of the surgeons O2 saturation (%) and heart rate (beats per minute-bmp) of Group I (20 min), II 
(20-40 min), HI (40-120 min) and IV (120-240 min) (ANOVA post hoc Tukey HSD). 





Group I Group II Group III Group IV 
20 min 20-40 min 40-120 min 120-240 min 
Baseline After Baseline Aaa Baseline Aner Baseline Arter 
Surgery Surgery Surgery Surgery 
O2 ; 97.5% + 0.7 94% + 0.6 97.0% + 0.8 94% + 0.5 98.0% + 0.6 92% + 0.5 97.5% + 0.7 91% + 0.6 
saturation. 
p value p < 0.05 p < 0.05 p < 0.01 p < 0.01 
Heart rate 60 +9bpm 83212bpm  6l+7bpm 85211bpm  6l+8bpm  95+10bpm  60+7bpm 98 + 12 bpm 
p value p < 0.01 p < 0.01 p < 0.01 p < 0.01 


I. Duration of the operations was up to 20 min (n = 25): an arterial O, saturation was 
recorded from around 97.5% before surgery to 94% after surgery. Heart rate from 
60 + 9 bpm before surgery to 83 + 12 bpm after surgery was also noted. Shortness of 
breath scored 30.33 + 7.17 while light-headedness and headaches scored 21.33 + 5.85. 
I. Duration of the operations was in between 20-40 min (n = 20): an arterial O2 saturation 
was recorded from around 97% before surgery to 94% after surgery. Heart rate from 
61 + 7 bpm before surgery to 85 + 11 bpm after surgery was also noted. Shortness of 
breath scored 34.33 + 6.91 while light-headedness and headaches scored 24.33 = 5.11. 
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II. Duration of the operations was in between 40-120 min (n = 15): an arterial O sat- 
uration was recorded from around 98% before surgery to 92% after surgery. Heart 
rate from 61 + 8 bpm before surgery to 95 + 10 bpm after surgery was also noted. 
Shortness of breath scored 35.33 + 7.17 while light-headedness and headaches scored 
28.33 + 5.87. 

IV. Duration of the operations was in between 120-240 min (n = 4): an arterial O2 satu- 
ration was recorded from around 97.5% before surgery to 91% after surgery. Heart 
rate from 60 + 7 bpm before surgery to 98 + 12 bpm after surgery was also noted. 
Shortness of breath scored 39.33 + 7.64 while light-headedness and headaches scored 


31.18 + 4.85. 


A statistical difference of oxygen saturation of hemoglobin was observed, between 
preoperational and post operational tests (Table 1 and Figure 1). We found a direct correla- 
tion between the increased duration of the operation and decrease of oxygen saturation 
of hemoglobin without it being significantly different, but it was observed that the heart 
pulse rate intensified after the surgical session (Figures 1 and 2), and there was also a 
statistically significant difference in the sensations of shortness of breath, light-headedness 
and headaches increased with the time of surgery (Figures 3 and 4 and Table 2). 


Shortness Breath 


VAS Score 
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A B e D 


Figure 3. Graph chart of the shortness breath visual analogic score (VAS) score perception of Group I 
(20 min), I (20-40 min), II (40-120 min) and IV (120-240 min) (ANOVA post hoc Tukey HSD) (Top 
Bars between groups comparison: lower case p < 0.05; upper case: p > 0.05). 
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Figure 4. Graph chart of the light-headedness and headaches VAS score perception of Group I 
(20 min), IT (20-40 min), II (40-120 min) and IV (120-240 min) (ANOVA post hoc Tukey HSD) [Top 
Bars between groups comparison: lower case p < 0.05; upper case: p > 0.05]. 


Int. J. Environ. Res. Public Health 2021, 18, 2363 6 of 10 


Table 2. Summary of the surgeons visual analogic score (VAS) of shortness of breath and light- 
headedness and headaches of Group I (20 min), II (20-40 min), III (40-120 min) and IV (120-240 min) 
(ANOVA post hoc Tukey HSD). 








VAS Group I Group II Group III Group IV 
SCORE 20 min 20-40 min 40-120 min 120-240 min 
Short 
30.33 + 7.17 34.33 + 6.91 35.33 + 7.09 39.33 + 7.64 
Breathness 
Light-headedness- 51 33 4.5.85 24.33 £5.11 28.33 + 5.87 31.18 + 4.85 
Headaches 


4. Discussion 


The present study results indicate that continuous wearing of Facial Masks during 
oral surgery led to a decrease in oxygen saturation of hemoglobin and an increase in heart 
rate. From the results, it looks like that the data show regular variation with the increase 
of operation time. Additionally, light-headedness and headaches and thermal discomfort 
were recorded. Normal blood O; saturation is a fractional saturation of 90 to 97.5%, which 
corresponds to an arterial oxygen partial pressure of 13.3 to 13.7 kPa, if there are no other 
hemoglobin species, apart from oxygen reduced hemoglobin. However, the test has been 
carried out with reliability in most healthy young, individuals, while it has shown errors 
or failed to elicit signal in less healthy individuals due to several artifacts [24]. Pulse 
oximetry is a simple, noninvasive and standard method for monitoring a patient in use 
in operating rooms and care units for early detection of hypoxemia [25]. It is used for 
detecting the presence of hypoxemia and pulse oximeters may lead to a faster treatment of 
grave hypoxemia and possibly circumvent serious complications [26,27]. The device uses 
spectrophotometric technology, while the pulse oximetry is able to calculate the oxygen 
saturation by illuminating the finger skin through the changes of light absorption between 
the oxygenated and deoxygenated blood [28]. Reduced hemoglobin and oxygenated blood 
are able to absorb red and infrared light differently. The hemoglobin absorbs more red 
light while reduced oxyhemoglobin spectral absorption is characterized by more infrared 
light. The ratio of absorptions at the infrared and red wavelengths is measured by oximetry 
that indicates the oxygen saturation of arterial pulsations [29]. A face mask is able to 
prevent transpiration and give protection against airborne transmitted bacteria or virus. 
For these reasons, wearing a mask is necessary in healthcare situations, especially in case 
of a pandemic [13,16]. The use of PFM during oral surgery has been correlated with com- 
plaints of light-headedness, headaches, as well as an increase in the exertion sensation and 
perceived shortness of breath [30]. Headaches and perceived shortness of breath are also 
major symptoms recorded by Dentists when wearing an FFP2 covered by an FM during 
oral surgery. Similar results were recorded by people wearing a mask during SARS-CoV-2, 
although these symptom described above are not correlated with oxygen shortage [31]. 
Protective eyewear and prolonged wearing of N95, 6 h per day, produce in most subjects, 
the headaches [31]. Similar results were reported by Lim and co. [32] in most (healthcare 
workers 37%) during the (SARS-CoV-1) epidemic in 2003, involving a virus comparable to 
SARS-CoV-2 that impacts on the upper respiratory tract. Probably, the design of the masks, 
a tight fit in combination with tight elastic straps, produces pain behind the contact points 
on the face and the ears. Many factors were associated with headaches while wearing 
masks. In fact, the PFM induces inadequate hydration and inappropriate eating patterns to 
avoid touching hands or the face. FM was also associated to sleep deprivation and physical 
and emotional stress. Additionally, other factors can cause headaches and discomfort, such 
as facial itching, nasal bridge scarring [33], presence of acne [34], rash/irritation [35] and 
discomfort associated to augmentation of facial temperatures [15]. The use of PFM does not 
provoke important variations of oxygen and carbon dioxide concentrations in the blood in 
yang population, while there has been recorded discomfort related to the increased temper- 
ature of the skin induced by the facemask and the induced breathing resistance. Surgeon 
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discomfort persists through increased irritation during oral surgery while wearing a mask. 
The outcome of the study demonstrates that the heart rate was influenced by wearing 
FFP2s covered by FMs, probably facial temperature, and subjective humidity influence 
heart rate increase discomfort. This data has been discussed in a previous study [15]. The 
perioral area is very important for thermoregulation of the body, in fact thermal stimulus to 
the surface around the mouth, nose and cheek regulates heat exchange from the respiratory 
tract, this data was also discussed in a previous publication [15]. A small reduction of 
oxygen stimulates the sympathetic nervous system with the consequence of an increased 
heart rate [36]. It was probable that the surgeons felt unfit, fatigued, and had headaches 
and overall discomfort due to this reason. Therefore, the increases in skin temperature 
and heart rate could induce substantial additional stress and might reduce work toler- 
ance of the wearer. The FM produces an important change in humidity, microclimates 
and temperatures which have profound influences on heart rate and thermal stress and 
subjective perception of discomfort [15] then increase the dead space respiratory under 
the mask. However, based on the previously discussed results, sensations of shortness 
of breath, light-headedness and headaches are not caused by changes to O and CO» 
balance. There are many issues around the use of PFM, in the present research we have 
evaluated only healthy surgeons. In fact severe disease allergy and asthma can pose a risk 
in wearing a mask [37]. It is necessary to also investigate the impact of wearing PFM in 
old subjects with chronic diseases. Interest in the control of heart rate by the baroreceptor 
system dates back to the work of Marey, who in 1859 demonstrated the inverse relation 
between arterial pressure and heart rate [38]. Sympathetic and parasympathetic nervous 
system activity in response to changes in arterial pressure has been studied [39-41]. The 
heart rate is determined by the Sinoatrial Node (SAN)—the pacemaker of the cardiac 
muscle. Experimental studies reported that the heart rate, wall tension and contractility 
(or the velocity of contraction) are considered the major factors of myocardial oxygen 
consumption (MVO>). Wearing an PFM has a high impact on the cardiopulmonary re- 
suscitation efficacity, in fact it increases rescuer’s fatigue and reduces chest compression 
with more stringent requirements on the depth and frequency, thus compromising the 
rescue maneuvers [42]. N95 produces more rescuer’s fatigue during chest compression 
due to differences in vital signs including, respiration rate, mean heart rate, oxygen sat- 
uration and arterial pressure. This result indicates that an N95 mask induces discomfort 
in breathing with a typical reduction of 37% in air exchange volume [43]. A recent study 
found that when wearing an PFM there is evident markedly negative impact on exercise 
parameters, such as maximum oxygen uptake and the maximum power output, when 
wearing FFP2/N95 instead of a surgical mask [44]. In fact, the authors found that surgical 
masks and FFP2/N95 have a marked negative impact on the pulmonary parameters by 
23% and of VOzmax by 13% related to an increased airway resistance [43]. There are many 
studies that show that the use of PFM increases upper airway obstruction and a decrease of 
breathing frequency with corresponding variations of the exhaling and inhaling time and a 
reduced tidal volume [45-47]. Increased breathing resistance during wearing an PFM for a 
long period, especially FF2/N95 and FFP2 covered by a surgical mask, leads to increased 
work of the respiratory muscles with higher oxygen consumption, leading to negative 
augmentation of intrathoracic pressure (ITP). The increased negative intrathoracic pressure 
for long duration, increased to cardiac afterload, increases in enhanced myocardial oxygen 
consumption [48-50] with reduction of cardiac power by approximately 10%, which is 
compensated in healthy people. This compensation cannot be possible in patients with 
compromised myocardial function. These mechanisms induce sympathetically mediated 
vasoconstriction in the respiratory musculature with an increase of heart rate. Probably, the 
thermal discomfort and increased breathing resistance induce discomfort and stress with 
an increased heart rate. In fact, some studies found that the skin temperature increases 
effect heart rate and may cause substantial other types of stress and stimulation of the 
sympathetic nervous system in the wearer and might reduce work tolerance [36,51]. The 
decreased oxygenation in the study population can be explained by augmentation the 
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dead space respiratory under the mask [52], increased breathing resistance with increased 
work of the respiratory muscles with higher oxygen consumption then increased heart rate 
with increases myocardial oxygen consumption. The observed elevated pulse rates, the 
light-headedness and headaches, increasing with the time of surgery, could be attributed to 
elevated pCO; levels. In fact Anesthesiologists wearing a facial mask during percutaneous 
tracheostomy can experience dyspnea, tachycardia and tremor after 30 min [52]. No sur- 
geons had a beard because facial hair is a major factor decreasing the protection of a FFP2 
mask, as it prevents an adequate seal to be achieved [53]. In the present research we have 
not investigated the duration of use mask. The major limit of the present study was that 
there was no control group because it was conducted during the COVID-19 emergency. 
Another limit was that we have not investigated the effect of underlying medical conditions, 
age and sex as, in fact, the study was conducted on young healthy male surgeons. These 
young subjects might tolerate lower pO2 levels or might be more sensitive to changes in 
pCO2 levels. In the group IV there are only 4 subjects and this is another a limitation of this 
study. Further investigations with a larger numerosity and heterogenicity of the sample 
are required to clarify the study findings. In the present research we have not investigated 
on duration of use mask. 


5. Conclusions 


Two main conclusions emerge from this study: in healthy oral surgeons, wearing 
an FFP2 covered by a surgical mask for an extended period of time induces a reduction 
in circulating O2 concentrations without clinical relevance, while an increase of heart fre- 
quency and sensation shortness of breath, light-headedness and headaches were recorded. 
This result indicates that an N95 mask covered by surgical mask induce discomfort in 
breathing, decrease in both mental and physical performance, accuracy and increased 
fatigue, especially during lengthy operations, and could cause elevated pCO? levels. 
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